IIIIIIIIBlUlflllHIIIIIIIilllilllllil 

(vj) Publication number: 0 467 781 B1 

© EUROPEAN PATENT SPECIFICATION 

© Date of publication of patent specification : (g) Int CI. 5 : H01S 3/103, G02F 1/015 

05.10.94 Bulletin 94/40 

@ Application number: 91401995.5 

(§) Date of filing : 17.07.91 



EuropaJsches Patentamt 
@ European Patent Office 

Office europeen des brevets 



(54) A semiconductor optical element 



(So) Priority : 19.07.90 JP 189330/90 

(43) Date of publication of application : 
22.01.92 Bulletin 92/04 



@ Publication of the grant of the patent : 
05.10.94 Bulletin 94/40 



(G) Designated Contracting States : 
DE FR 



(56) References cited : 
EP-A- 0 289 250 
US-A- 4 775 980 
US-A- 4 908 833 

APPUED PHYSICS LETTERS, vol. 55, no. 18, 
30 October 1989, NEW YORK US, pages 
1826-1828; M. KUZNETSOV ET AL: 'Frequency 
modulation response of tunable two-segment 
distributed feedback lasers.' 



r^ 

CD 



Q. 
LU 



(56) References cited : 

APPLIED PHYSICS LETTERS, vol. 55, no. 20, 
13 November 1989, NEW YORK US, pages 
2057-2059; S. IKE DA ET AL: 'Wide range 
wavelength tuning of an asymmetric dual 
quantum well laser with inhomogeneous cur- 
rent injection' 

IEEE JOURNAL ON SELECTED AREAS IN 
COMMUNICATION, vol. 8, no. 6, August 
1990,NEW YORK US, pages 1169-1177; M. A. 
A MANN ET AL: 'Continuously tunable laser 
diodes: longitudinal versus transverse tuning 
schemes' 

© Proprietor: KOKUSAI DENSHIN DENWA CO., 
LTD 

3- 2, Nishi-shinjuku 2-Chome 
Shinjuku-ku Tokyo (JP) 

(72) Inventor : Haus, Hermann A. 
36-351, Res. Lab. of Electronics 
Mass. Inst of Tech., Cambridge MA 02139 (US) 
Inventor : Utaka, Katsuyuki 
14-8, Akatsuka 

4- chome, Itabashi-ku, Tokyo (JP) 

(74) Representative : Mongredien, Andre et al 
do SOCIETE DE PROTECTION DES 
INVENTIONS 
25, rue de Ponthieu 
F-75008 Paris (FR) 



Note : Within nine months from the publication of the mention of the grant of the European patent, any 
person may give notice to the European Patent Office of opposition to the European patent granted. 
Notice of opposition shall be filed in a written reasoned statement It shall not be deemed to have been 
filed until the opposition fee has been paid (Art. 99(1) European patent convention). 



Jouve, 18. rue Saint-Oenis, 75001 PARIS 



• 



EP 0 467 781 B1 



Description 

BACKGROUND OF THE INVENTION 

The present invention relates to semiconductor s 
optical elements and its application to laser diodes 
which operate with net optical gain or net refractive in- 
dex kept aimost constant even if the other parameter 
is varied. 

Change of injected carrier density, optical gain. 10 
and refractive index are related to each other in a 
semiconductor medium. This results in chirping under 
a high speed modulation or unwanted amplitude mod- 
ulation even if pure frequency modulation is desired 
by changing the injection currents in conventional 15 
semiconductor laser diodes. These phenomena de- 
grade transmission performance in optical fiber com- 
munication systems, which limit the repeater span 
due to dispersion or noise. In order to avoid these 
problems and realize ideal AM (amplitude modula- 20 
tion) or FM (frequency modulation) lasers, external 
modulators are usually employed. These schemes, 
however, have drawbacks such as rather complicated 
device structure, larger size, as well as the limits on 
the achievable modulation index of FM lasers. 25 

As for a wavelength tunable filter in which a cor- 
rugation grating is formed along an active layer and 
the Bragg wavelength is varied by changing the re- 
fractive index associated with carrier injection in the 
active layer, this carrier change is also accompanied 30 
by a gain change leading to changes of transmission 
and reflection efficiencies at the Bragg wavelength. 
This structure requires a gain adjusting region to 
keep the insertion loss constant 

Applied Physics Letters, vol. 55, no. 18, 30.10.89, 35 
pages 1826 - 1828 describes a theory and presents 
measurements of the FM response in DFB lasers 
having two active segments. The FM response is dif- 
ferent in lasers operating in red- and blue- shifted sta- 
tic tuning regimes. 40 

SUMMARY OF THE INVENTION 

The invention as described in the following is mo- 
tivated by a desire to overcome such problems and to 45 
provide semiconductor laser diodes which operate 
with almost constant optical gain or refractive index 
under modulation. 

The invention as specified in claim 1 comprises 
first and second semiconductor regions in which the so 
signs of the ratio of refractive index change to gain 
change associated with injected carrier density 
change (hereinafter the "a parameter") are opposite 
to each other. The adjustment of injection currents 
into said regions can yield a constant refractive index 55 
even under change of the optica! gain and vice versa. 
Henceforth, this semiconductor optical element is re- 
ferred to as "opposite sign a parameter (OSAP) ele- 



ment". 

The OSAP element can operate in three kinds of 
modes; the antisymmetric sign refractive index 
change mode (+- or-+ mode), the positive symmetric 
sign refractive index change mode (++ mode) and the 
negative symmetric sign refractive index change 
mode (- mode). 

Fig.1 depicts, for the case of the +- mode, the 
spectra of gain, gain change, refractive index change 
and a parameter of semiconductor regions I and II, 
whose respective bandgap energies are optimally 
chosen to be Eg, and Eg 2 (>Eg t ). Here the case is tak- 
en of increasing injection carrier densities in both re- 
gions. If the increases are A N t and A N 2 (>0), the opt- 
ical gains g may change from the broken lines to the 
solid lines, as shown in Fig. 1(a). The gain change 
spectrum is as shown in Fig.1 (b). The refractive index 
change is related to the gain change by the Kramers- 
Kronig relation, and its spectrum is shown in Fig. 1(c). 
Fig. 1(d) shows the ratio of refractive index change A 
n to gain change A g due to carrier density change A 
N, i.e. the a parameter a =(A n/A N)/(A g/A N). These 
spectra show that an optimal choice of the photon en- 
ergy E 0 can make the refractive index changes of the 
two regions I and II equal in magnitude and opposite 
in sign, A n,=-A n 2 . To attain this state requires that the 
photon energy E 0 be within the range denoted by A, 
in which the signs of the a parameters of the two re- 
gions are opposite to each other. Even if the absolute 
values of the a parameters are not equal, appropriate 
adjustment of the injected carrier densities can real- 
ize the above state, A n^-A n 2 . For the +- mode 
shown in Fig.1, carrier density increases in both re- 
gions, A N t >0 and A N 2 >0, cause the state A -A 
n^O. Similarly, carrier density decreases in both re- 
gions render opposite signs of refractive index 
changes such that A n 2 = -A n,>0, which is referred as 
the -+ mode. 

Fig.2 shows the spectra for the ++ mode with an 
increase in the carrier density in region I and a de- 
crease in the carrier density in region II, A N,>0, A 
N 2 <0. This case leads to an increase in the refractive 
indices for the both regions. Appropriate selection of 
photon energy and adjustment of carrier density 
change can make A n,=A n 2 >0. 

The spectra for the case of the - mode in which 
a decrease in the carrier density in region I and an in- 
crease in the carrier density in region II, A N^O, A 
N^O, are depicted in Fig.3. Contrary to the case of 
Fig.2, the refractive indices of both regions decrease, 
and also suitable selection of the photon energy and 
adjustment of carrier density can realize A n,=A n 2 <0. 

If the OSAP element is applied to laser diodes, 
the +- and -+ modes can realize an AM laser, and the 
++ and — an FM laser. It is also applicable to other opt- 
ical devices such as a wavelength tunable filter or re- 
flector together with a corrugation and an optical wa- 
veguide and a phase modulator. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects, features, and 
attendant advantages of the present invention will be 
appreciated as the same become better understood 
by means of the following description and accompa- 
nying drawings wherein; 

Figs.1 through 3 are spectra of gain, refractive in- 
dex, a parameter and so on of first and second 
semiconductor regions for various operating 
modes according to the invention; 
Fig.4 is a cross-sectional view of the first embodi- 
ment according to the invention; 
Fig.5 presents a time plot explaining the opera- 
tion of the first embodiment according to the in- 
vention; 

Fig.6 is a cross-sectional view of the second em- 
bodiment according to the invention; 
Fig.7 is a cross-sectional view of the third em- 
bodiment according to the invention; 
Fig.8 presents time plots explaining the opera- 
tion of the second embodiment according to the 
invention; 

Fig. 9 is a cross-sectional view of the forth em- 
bodiment according to the invention; and 
Fig. 10 is a cross-sectional view of the fifth em- 
bodiment according to the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

(EMBODIMENT 1) 

The first application of this OSAP element is a 
semi-conductor laser diode in which the two regions 
of the OSAP element are arranged serially in the di- 
rection of light propagation. Fig.4 schematically illus- 
trates a cross section of the structure. Here devices 
operating in a 1.5ja m wavelength range are taken as 
examples in the following explanation. 

Reference numeral 1 indicates an n-lnP sub^ 
strate, 2 an n-lnGaAsP waveguide layer, 3 and 3' in- 
dicate InGaAsP active layers with a parameters of op- 
posite signs, 4 a p-lnP cladding layer, 5 a p-lnGaAsP 
cap layer, 6 a semi-insulating InP burying layer. A 
X/4-shifted corrugation 7 selects the wavelength 
which makes the signs of the a parameters of the said 
two active regions 3 and 3' opposite respectively, and 
consequently this laser operates as a window-type 
X /4-shif ted distributed feedback laser diode. It is not- 
ed that a X /4-shift 8 is formed at the interface of the 
said two active regions. Reference numerals 9 and 9' 
indicate p-side electrodes for independent carrier in- 
jections to the said active layers 3 and 3', and Zn-dif- 
f used regions 1 0 and 1 (Y are formed for the reduction 
of ohmic resistance. Reference numeral 11 indicates 
an n-side electrode, and 12 and 12' are anti-reflection 
coating films. 



The operation of this embodiment is explained in 
the following. The signs of a parameters of the active 
layers 3 (region I) and 3' (region II) are assumed to be 
positive and negative, respectively. Carrier densities 

5 are changed by A N, (>0) and A N 2 (<0) by changing 
the injection current densities to the regions I and II 
from and J 2 to and J 2 \ respectively, as shown 
in the time plots of Fig.5. This case corresponds to the 
++ mode, and the refractive indices of each region in- 
to crease from n 0 to n 0 '. It should be noted that the orig- 
inal refractive indices of regions I and II can be set al- 
most equal by designing waveguide parameters such 
as thicknesses of the active layers 3 and 3' or barriers 
especially for the application of quantum well struc- 

15 ture as described later. Consequently, the lasing wa- 
velength, which Is determined by the corrugation per- 
iod and refractive index, can be changed from Xq to 
V- At the same time, since the net optical gain can 
be fixed even under these refractive index changes, 

20 the output power is also kept almost constant at P 0 . 
On the other hand, return of injection current densi- 
ties in both regions, from and J 2 ' to the original lev- 
els J, and J 2 , also reduces the refractive indices to the 
original values n 0 from n 0 ' due to the — mode so that 

25 the same thing happens for the lasing wavelength 
from X 0 ' to X 0 , during which operation the output pow- 
er remains almost constant at P 0 . This means a laser 
diode is realized whose lasing wavelength can be 
modulated by change of injection currents with con- 

30 stent output power, a so-called FM laser. From an- 
other point of view, it can work as a tunable laser. In 
this case, the changes of the injection current densi- 
ties are adjusted so as to attain almost the same re- 
fractive index changes in both regions while keeping 

35 the net gain constant. 

(EMBODIMENT 2) 

Fig.4 is an embodiment which is composed of two 
40 regions, and the same effect as described in embodi- 
ment 1 can be realized even if a three region structure 
is adopted as shown in Fig.6. This structure is sym- 
metric, and a X /4-shift is formed in region I, which 
may lead to better uniformity around a X /4-shift and 
45 easier gain adjustment. It is needless to say that a 
change of the relative positions of regions I and II pro- 
duces the same effect. 

This embodiment suggests the number of re- 
gions can be increased owing to the same principle. 

50 

(EMBODIMENT 3) 

The example of an embodiment in which this in- 
vention is applied to a distributed Bragg reflector is 
55 shown in Fig.7. It contains InGaAsP passive wave- 
guides 13 and 13' in the extension along the light 
propagation of active regions I and II in which the 
signs of the a parameters are opposite, and gratings 
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1 4 and 14' for distributed reflectors on said respective 
waveguides so as to select the wavelength. Fig. 8 il- 
lustrates time plots to explain the operation of this 
embodiment When the injection current densities in- 
crease from J, and J 2 to J/ and J 2 ' , the carrier densi- 
ties also increase in both regions. The refractive in- 
dices, however, change in different directions due to 
the opposite signs of the a parameters, such as an in- 
crease in region I and a decrease in region I), which 
corresponds to the +- mode. If the refractive index 
changes are A ^ and A n 2f the phase change in the 
active regions given by A nvL,* A n 2 -L 2 , where L, and 
L 2 are the lengths of said active regions I and II, re- 
spectively. Since the signs of A n, and A n 2 are oppo- 
site, said phase change can remain null by adjusting 
the absolute values of A n n and A n 2 . Consequently, 
the lasing wavelength Xo, which is determined by the 
phase condition in a laser cavity, also remains un- 
changed. On the other hand, the output power in- 
creases from P 0 to P 0 ' owing to increase of carrier 
densities to both regions. Contrary, decrease of injec- 
tion current densities in both regions only inverts the 
signs of change of each parameter and keeps the 
amount of phase change zero, so that the lasing wa- 
velength remains unchanged. This embodiment oper- 
ates as an ultra low chirp AM laser in which the lasing 
wavelength is held constant and only the optical inten- 
sity is modulated. 

It should be noted that this embodiment also op- 
erates in the manner of the ++ or — modes as shown 
in the time plots of Fig.5. It works as an FM laser. 

(EMBODIMENT 4) 

The embodiments described above include the 
OSAP elements in which two kinds of regions with a 
parameters of opposite signs are arranged in series 
in the direction of light propagation. The same effect 
is expected even if said two regions are arranged in 
parallel. This embodiment is shown in Fig.9. This is a 
window-type X /4-shifted distributed feedback struc- 
ture, and Fig. 9(a) illustrates the schematic cross sec- 
tion in the direction of light propagation and (b) one 
perpendicular to it. 

As shown in Fig. 9(b), two kinds of active regions 
3 (region I) and 3' (region II) with a parameters of op- 
posite signs are arranged in parallel to form a stripe. 
Consequently, a transverse mode propagates with a 
profile containing said stripe. Reference numeral 15 
indicates a semi-insulating InP cladding layer, 16 and 
1 6' p-lnP layers, and carriers can be injected indepen- 
dently to each region I and II through each electrode 
9 and 9* as shown by the arrows in the figure. This em- 
bodiment can operate in all the modes described in 
Fig.5 and Fig.8, employing the same principles, and 
realizes AM, FM and wavelength tunable lasers. This 
embodiment effectively avoids propagation delay 
and nonuniformity along the light propagation, since 



said two regions are formed in parallel and said trans- 
verse mode experiences gain changes and/or refrac- 
tive index changes of said two regions in the same 
cross section. 

5 

(EMBODIMENT 5) 

The embodiment in which the OSAP element ac- 
cording to this invention is applied to a wavelength 

10 tunable reflection type f i Iter for a wavelength tunable 
laser is schematically shown in Fig. 10. This embodi- 
ment consists of three regions, namely an active re- 
gion, a phase adjusting region and a narrow band- 
width Bragg reflector. In this reflector, a directional 

15 coupler in which two waveguides with almost the 
same propagation constants are closely arranged in 
parallel is utilized. AX /4-sh if ted corrugation grating 
is formed on one of said waveguides, and light is fed 
in and taken out through the other waveguide. Ace n- 

20 ter wavelength of reflection can be tuned by changing 
the refractive indices of said waveguide on which a 
X /4-shifted grating is formed. 

A narrow bandwidth Bragg reflector region con- 
tains an n-lnP substrate 101, an n-lnGaAsP low-loss 

25 waveguide layer 102, an n-lnP layer 103, InGaAsP 
active regions I and II with a parameters of opposite 
signs 104 and 104', and a p-lnGaAsP layer 105, on 
which a X /4-shifted grating 106 is formed for a filter 
where reference numeral 107 indicates a X/4-shift. 

30 Also a p-lnP cladding layer 108, InGaAsP cap layer 
1 09, a p-side electrodes 110 and 110' for carrier injec- 
tion to each region, Zn-dif fused regions 111 and 111' 
and an n-side electrode 112 are included. In said ac- 
tive region, an InGaAsP active layer 11 3 is comprised, 

35 and said active layer 113 does not necessarily have 
the same composition as layers 104 and 104'. As for 
said phase adjusting region, it consists of said n-ln- 
GaAsP waveguide layer 102 and a p-lnP cladding lay- 
er 108. 

40 Said narrow bandwidth Bragg reflector of this em- 

bodiment fundamentally performs the same func- 
tions as those of the embodiment shown in Fig.6 as 
far as the structure including above said active layers 
104 and 104' is concerned. The ++ or — modes oper- 

45 ation makes the net optical gain constant and varies 
the refractive index uniformly. The difference from 
Fig.6 is that this embodiment contains another wave- 
guide 102 coupled with said active layers 104 and 
104' by the manner of a directional coupler, and light 

so propagating from said phase adjusting region cou- 
ples into said active layers 104 and 104' in said nar- 
row bandwidth Bragg reflector region. As is well 
known, a X /4-shifted grating can fairly confine the 
light of Bragg wavelength, and thus confined light 

55 couples back again into the original waveguide 102 
and propagates out to left direction. This indicates 
that said reflector works as a narrow bandwidth re- 
flector which is effective only for the Bragg wave- 
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length. Since the Bragg wavelength Is determined by 
the corrugation period and refractive index of a wa- 
veguide, said ++ or — mode operations can change 
the reflection wavelength while keeping the reflectiv- 
ity constant. Light at said Bragg wavelength is ampli- 
fied in the active region and its phase is adjusted in 
the phase adjusting region to oscillate. Note that a 
phase adjustment by the electrooptic effect, in which 
a reverse voltage V, is applied, seems effective in 
avoiding an excessive loss increase, but the method 
of carrier injection may attain the same effect Since, 
as mentioned above, a tunable laser according to this 
invention not only has excellent wavelength selectiv- 
ity but also does not increase its threshold excessive- 
ly even under the wavelength tuning action, spectral 
properties may not deteriorate in the tuning operation 
even if applied to a narrow linewidth laser. According- 
ly, an narrow linewidth-tunable laser is realized. 

The OSAP elements are obtained by adjusting 
the compositions whose bandgap energies are suit- 
able and by selecting an optimal wavelength by cor- 
rugation gratings. Not limited by conventional bulk 
semiconductors, these regions may be constructed 
by quantum wells, wires or boxes, which offer the ad- 
vantage of easy assignment of optimal wavelength 
and less deviation of wavelength under change of in- 
jection current, so that operation in wider wavelength 
ranges can be expected. 

In the above description, an InGaAsP crystal sys- 
tem for 1 .5p. m wavelength operation was used as an 
example, and AlGaAs, AllnGaAs, AIGalnP, AIGaAsSb 
and other crystal systems are also appropriate. 

As described above, according to this invention 
which contains two kinds of semiconductor regions 
with a parameters of opposite signs, either optical 
gains or refractive indices can be changed with the 
other kept constant by adjusting injection currents to 
each region. This feature realizes an ultra-low chirp 
laser, an ideal FM laser, a high performance wave- 
length tunable laser and so on. Consequently, this in- 
vention is appropriate for light sources for long-haul 
large capacity transmission schemes by direct mod- 
ulation intensity detection or coherent schemes and 
for lightwave multiplexing systems. 



Claims 

1. A semiconductor optical element comprising an 
active layer (3,3'), 

said active layer comprising a first region 
(I) and a second region (II) coupled optically with 
each other, and having opposite signs of a para- 
meters with respect to each other in a selected 
range (A) of photon energy (E), where a is the ra- 
tio of change of refractive index to change of gain 
following change of carrier density. 



2. The element according to claim 1, in which said 
first and second regions comprise quantum 
wells, quantum wires, or quantum boxes or any 
combination of said quantum structures. 

5 

3. The element according to claims 1 or 2, in which 
said first and second regions are arranged in ser- 
ies in the direction of light propagation. 

10 4. The element according to claims 1 or 2, in which 
said first and second regions are arranged in par- 
allel in the direction of light propagation. 

5. The element according to claims 1 or 2, in which 
15 said first and second regions have means for in- 
dependent carrier injection. 

6. The element according to claims 1 or 2, including 
a corrugation grating along said first and second 

20 regions to select the wavelength at which respec- 

tive signs of a parameters of said first and second 
regions are opposite to each other. 

7. The element according to claim 6, in which said 
25 corrugation grating comprises X /4-shifted corru- 
gation. 

8. The element according to claims 1 or 2, compris- 
ing corrugation gratings outside said first and 

30 second reg ions to select the wavelength at which 
respective signs of a parameters of said first and 
second regions are opposite to each other. 

9. The element according to claims 1 or 2, further 
35 comprising a third waveguide which couples 

along the whole length of said first and second re- 
gions and whose propagation constant is almost 
the same as those of said first and second re- 
gions. 

40 

10. The element according to claim 9, further com- 
prising reflection means, such as a cleaved facet 
or a corrugation grating, at the extension position 
of said third waveguide, and a second active layer 

45 therein. 

11. A semiconductor optical element comprising; 

a semiconductor substrate (1), 
a wave-guide (2), an active layer (3,3') and 
so a clad layer (4) formed on said semiconductor 

substrate, 

said active layer comprising a first region 
(I) and a second region II coupled optically with 
each other, and having opposite signs of a para- 
55 meters with respect to each other in a selected 

range (A) of photon energy (E), where a is the ra- 
tio of change of refractive index to change of gain 
following change of carrier density, 
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10 



a first electrode (11) common to all regions 
attached on one side of said substrate, and 

second electrodes (9,9') for each region, 
attached on the other side of said substrate. 



Patentanspruche 

1. OptischesHalbleiterbauelementmiteineraktiven 
Schicht (3, 3'), die einen ersten Bereich (I) und ei- 
nen zweiten Bereich (II) auf weist, die miteinander 
gekoppelt sind und entgegengesetzte Vorzei- 
chen von a-Parametern in einem ausgewahlten 
Bereich (A) der Photonenenergie (E) aufweisen, 
wobei a das Verhaltnis einer Brechungsindexan- 
derung zu einer Verstarkungsanderung infolge 
einer Tragerdichteanderung ist. 

2. Bauelement nach Anspruch 1 , bei dem der erste 
und der zweite Bereich Quantentrdge, Quanten- 
drahte oder Quantenkasten oder irgendeine die- 
ser Quantenstrukturen aufweisen. 

3. Bauelement nach Anspruch 1 oder 2, bei dem der 
erste und der zweite Bereich in Richtung der 
Lichtausbreitung hintereinander angeordnet 
sind. 

4. Bauelement nach Anspruch 1 oder 2, bei dem der 
erste und der zweite Bereich in Richtung der 
Lichtausbreitung parallel angeordnet sind. 

5. Bauelement nach Anspruch 1 oder 2, bei dem der 
erste und der zweite Bereich Mittel zurunabhan- 
gigen Tragerinjektion aufweisen. 

6. Bauelement nach Anspruch 1 oder 2 t mit einem 
Wellungsgitter langs des ersten und zweiten Be- 
reiches zur Auswahl der Wellenlange, bei der die 
Vorzeichen der a-Parameter des ersten und 
zweiten Bereiches entgegengesetzt sind. 

7. Bauelement nach Anspruch 6, bei dem das Wel- 
lungsgitter eine um X/4 verschobene Wellung 
aufweist 

8. Bauelement nach Anspruch 1 oder 2, mit Wel- 
lungsgittern au&erhalb des ersten und zweiten 
Bereiches zur Auswahl der Wellenlange, bei der 
die Vorzeichen der a-Parameter des ersten und 
zweiten Bereiches entgegengesetzt sind. 

9. Bauelement nach Anspruch 1 oder 2, mit einem 
dritten Wellenleiter, der auf der gesamten Lange 
des ersten und zweiten Bereiches angekoppelt 
ist und dessen Ausbreitungskonstante weitge- 
hend gleich derjenigen des ersten und zweiten 
Bereiches ist. 



1 0. Bauelement nach Anspruch 9, mit Ref lexionsmit- 
teln, wie einer gespaltenen Facette oder einem 
Wellungsgitter, an der Verlangerungsstelle des 
dritten Wellenleiters, und einer zweiten aktiven 

5 Schicht darin. 

11. Optisches Halbleiterbauelement mit: 
einem Halbleiter-Substrat (1), 

einem Wellenleiter (2), einer aktiven Schicht (3, 

10 3') und einer Oberzugsschicht (4), die auf dem 

Halbleiter-Substrat ausgebildet ist, 
wobei die aktive Schicht einen ersten Bereich (I) 
und einen zweiten Bereich (II) aufweist, die op- 
tisch miteinander gekoppelt sind und u-Parame- 

15 ter mit entgegengesetzten Vorzeichen in einem 
ausgewahlten Bereich (A) der Photonenenergie 
(E) aufweisen, wobei a das Verhaltnis einer Bre- 
chungsindexanderung zu einer Verstarkungsan- 
derung infolge einer Tragerdichteanderung ist, 

20 einer ersten Elektrode (11), die alien Bereichen 

gemeinsam und auf der einen Seite des Sub- 
strats angebracht ist, und 
einer zweiten Elektroden (9, 9') fur jeden Bereich, 
die auf der anderen Seite des Substrats ange- 

25 bracht sind. 



Revendications 

30 1. Element optique a semiconducteurs comprenant 
une couche active (3, 3'), 

la dite couche active comprenant une pre- 
miere region (I) et une seconde region (II) cou- 
plees optiquement entre elles, et ayant des para- 

35 metres a de signes opposes Tun de I'autre dans 

une plage selectionnee (A) de Tenergie des pho- 
tons (E), ou a est le rapport de la variation de Tin- 
dice de refraction a la variation du gain resultant 
de la variation de la density des porteurs. 

40 

2. Element selon la revendication 1, dans lequei les- 
dites premiere et seconde regions comprennent 
des puits quantiques, des fils quantiques ou des 
bottes quantiques ou toute combinaison desdites 

45 structures quantiques. 

3. Element selon Tune quelconque des revendica- 
tions 1 et 2, dans lequei lesdites premiere et se- 
conde regions sont disposees en serie dans la di- 
sc rection de propagation de la lumiere. 

4. Element selon Tune quelconque des revendica- 
tions 1 et 2, dans lequei lesdites premiere et se- 
conde regions sont disposees en parailele dans 

55 la direction de propagation de la lumiere. 

5. Element selon Tune quelconque des revendica- 
tions 1 et 2, dans lequei lesdites premiere et se- 
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conde regions comportent des moyens pour une 
injection de porteurs independante. 

6. Element seion Tune quelconque des revendica- 
tions 1 et 2, incluant un reseau d'ondulations le 5 
long desdites premiere et seconde regions pour 
selectionner ta longueur d'onde a laquelle les si- 
gnes respectifs des parametres a des dites pre- 
miere et seconde regions sont opposes Tun de 
I'autre. 10 

7. Element selon la revendication 6, dans lequel le- 
dit reseau d'ondulations comprend un reseau 
d'ondulations a decalage de X/4. 

15 

8. Element selon Tune quelconque des revendica- 
tions 1 et 2, comprenant des reseaux d'ondula- 
tions hors desdites premiere et seconde regions 
pour selectionner la longueur d'onde a laquelle 

les signes respectifs des parametres a desdites 20 
premiere et seconde regions sont opposes I'un 
de I'autre. 

9. Element selon Tune quelconque des revendica- 
tions 1 et 2, comprenant en outre un troisieme 25 
guide d'ondes qui est couple sur toute la longueur 
desdites premiere et seconde regions et dont la 
constants de propagation est presque identique 

a ceiles desdites premiere et seconde regions. 

30 

1 0. Element selon la revendication 9, comprenant en 
outre un moyen de reflexion, tel qu'une facette 
clivee ou un reseau d'ondulations, a la position 
de prolongement dudit troisieme guide d'ondes, 

et une seconde couche active qui y est incluse. 35 

11. Element optique a semiconducteurs compre- 
nant: 

un substrat semiconducteur (1), 

un guide d'ondes (2), une couche active 40 
* (3, 3') et une couche de revetement (4) formee 
sur ledit substrat semiconducteur, 

ladite couche active comprenant une pre- 
miere region (I) et une seconde region (II) cou- 
plees optiquement entre elles, et ayant des para- 45 
metres a de signes opposes I'un par rapport I'au- 
tre dans une plage selectionnee (A) de I'energie 
des photons (E), ou a est le rapport de la variation 
de I'indice de refraction a la variation du gain re- 
sultant de la variation de la densite des porteurs, so 

une premiere electrode (11) commune a 
toutes les regions, liee d'un cote dudit substrat, 
et, 

des secondes electrodes (9, 9') pour cha- 
que region, liees de I'autre cote dudit substrat. 55 
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Fig . 2 
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Fig . 3 
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Fig. 8 



j.;j2- 

Jl,J2 - 



0 - 




Xo 



Po- 
Po - 



13 




14 




EP 0 467 781 B1 



Fig. 10 
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